Introduction
The combination of ionic liquids (ILs) and piezoelectric polymers allows the development of a new class of electroactive smart materials [1, 2] with suitable electrical, mechanical and electromechanical properties for applications in the areas of sensors and actuators [3] [4] [5] , energy generation and storage [6, 7] and biomedicine [8, 9] , among others. These composites combine the attractive properties of polymers (lightweight, inexpensive, fracture tolerant, pliable and easily processed) with the properties of the ILs (low melting temperature, negligible vapor pressure, high chemical and thermal stabilities, high ionic conductivity, and a broad electrochemical potential window) [10] [11] [12] .
In this scope, one of the most interesting application areas of those materials is the development of electroactive actuators, as they can be operated at lower-voltages when compared with related systems, such as shape memory alloys (SMA), electroactive ceramics (EAC) [13, 14] and conductive polymers or aerogels [15] . Those actuators can achieve large deformations and do not deteriorate under the application of cycling driving voltages or under atmosphere conditions [16] [17] [18] [19] . Further, the properties of the ILs, including near-zero vapor pressure and high thermal stability over a broad temperature range, allow to improve lifetime of electroactive actuators and their high temperature (>100 ºC) operation [20] .
The high value of the electrical conductivity and the large electrochemical windows of ILs can lead to improved actuation speed and strength by tailoring the number of cations and anions as well as their sizes [21] .
The first work reporting on the use of ILs for actuators was related to conducting polymer actuators [16] , which are driven by doping and undoping of π-conjugated polymers by redox reactions. Electroactive actuators based on piezoelectric polymer and IL operate in a similar way to electric double layer capacitors and can bring advantages in terms of the simplicity and durability with respect to the previous ones [22] .
The most interesting and used polymers for electroactive actuators are Nafion [23] , poly(vinylidene fluoride) (PVDF) [24] and its copolymers poly(vinylidene fluoride-cochlorotrifluoroethylene) (PVDF-CTFE) [25] and poly(vinylidene fluoride-cohexafluoropropylene), (PVDF-HFP) [26] .
PVDF and its copolymers are known by its piezoelectric properties but for large strain actuator application the most relevant characteristics are their high dielectric constant, polarity and ionic conductivity [27] .
Thus, large actuator strains have been observed in poly(vinylidene fluoride-cochlorotrifluoroethylene)/poly(methylmethacrylate) (PVDF−CTFE/PMMA) with 1-ethyl- [30] ) and filler content on bending actuation. Thus, the objective of the present study it to determine the role of the anion size and IL content on the performance of the actuators. Iolitec (Germany) with a purity of 99% .
Sample preparation
For the preparation of the composite films, 1g of PVDF was dissolved at room temperature under magnetic stirring for ~ 4 h in 6 mL of DMF with a polymer/solvent ratio of 15/85 w/v. Then, the ionic liquid was added to the solution, the relative ionic liquid/polymer concentration ranging from 10 up to 40 % (w/w). The IL content within the composite films were chosen taking into account the compatibilization and miscibility between PVDF and ILs, as well as the corresponding electrical properties. After complete homogenization, the solution was spread at room temperature on a clean glass substrate and the solvent was evaporated at 210 ºC for 10 minutes in an air oven (Binder, ED23) and cooling down at room temperature ( ̴ 23°C). The thickness of the obtained ILs/PVDF films is ~ 50 m.
Characterization of the samples
The morphology of the samples was evaluated by scanning electron microscopy (SEM) with a Quanta 650 FEG (FEI) scanning microscope. Previously, the samples were coated with gold using a magnetron sputtering Polaron Coater SC502. 
where ε0 is the permittivity of free space,
is the angular frequency and
 is the frequency dependent imaginary part of the dielectric permittivity Stress-strain mechanical measurements were carried out in samples with dimensions of 15 mm × 10 mm with an AG-IS universal testing machine from Shimadzu with a load cell of 50 N. Tests were performed in the tensile mode at room temperature ( ̴ 23°C) using a stretching rate of 1 mm min -1 .
Bending measurements were performed using a high definition camera Logitech HD 1080p connected to a PC and a home-made sample holder. The camera allows the analysis of the sample movements with 200 μm accuracy. The samples were prepared in the form of 12 mm x 2 mm rectangles and fixed using two needles, leaving a free length of 10 mm.
The sample-holder was then connected to an BK precision 4053 function generator and an oscilloscope PicoScope 4227 was placed in parallel to the sample to detect possible short-circuits and guarantee the electrical integrity of the samples along the tests. Figure   1 shows the schematic representation of the displacement measurement procedure as well as of the internal structure variation of the actuator under applied voltage.
The samples were driven by a square wave signal with three peak voltages: 2.5, 5 and 10
Volts at a frequency of 0.1 Hz, allowing anion and cation migration to the electrodes. 
where L is the sample free length, d the thickness δ the displacement. The measured displacement δ was transformed into the curvature (1/R) by equation 3 [5] :
where R is the curvature radius and L is the length of the sample. Sample characterization and actuator performance measurements were performed at least in triplicate and the average value and standard deviation were calculated.
Results and discussion

Morphology, polymer phase and thermal properties
Morphological variations
Characteristic SEM images of the pristine polymer and the IL/polymer composites are represented in Figure 2 for both IL types, showing that for both IL types, the spherulitic microstructure characteristic of PVDF is observed [32] . (Figure 2d) , the results being thus independent of the anion type. The decrease in the average spherulite size and therefore the increase in their number is due to two factors: first, the ionic liquids act as nucleation agents [33, 34] , promoting a larger number of crystallization nucleus and therefore leading to spherulites with smaller sizes; second, the strong electrostatic interactions between the IL with the local dipole moments of the polymer chains, strongly affects polymer crystallization kinetics [35] .
It is also to notice that when the nuclei density is high (Figures 2c and 2d) , the nuclei of the spherulites are too close to each other, hindering free growth and leading to spherulites with well-defined borders and even with the presence of voids [36] 
Electroactive phase content
The identification and quantification of the crystalline forms of PVDF (α-, β-or γ-phase) was performed by FTIR spectroscopy [27] . Figure 3 shows the FTIR-ATIR spectra for the different IL/PVDF composites. The nucleation of the crystalline β-phase of PVDF is attributed to the electrostatic interactions between the ionic liquid and the dipoles of the PVDF chains through ion-dipole interactions, leading to preferred crystallization in the all-trans chain conformation of PVDF [33, 34] .
The crystalline phase content of the different phases present in the IL/PVDF composites can be quantified by applying equation 4, once the sample contains only  and  phases [27] : The polar -phase content in the different samples, calculated after equation 4, is shown in Table 1 . Table 1 --phase, melting temperature and degree of crystallinity of PVDF and the corresponding IL/PVDF composites.
Degree of crystallinity and melting temperature
Variations in the degree of crystallinity and melting temperature with IL type and content were evaluated after the DSC measurements shown in Figure 4 . clusters are typically formed [40] , as verified in this work. It is also possible that water molecules and ions aggregate in a variety of different clusters, facilitated by hydrogen bonding. The presence of water weakens the ionic interactions in ILs due to competitive hydrogen bonding, but in the present case the amount of water molecules is small and just affects the surface structure [40] .
The degree of crystallinity of the samples (table 1) (Table   1 ). Thus, Table 1 shows that IL type influences the degree of crystallinity of the samples, which in turn will be reflected in the mechanical and electrical properties of the materials.
Mechanical properties
For electromechanical actuator applications, the evaluation of the mechanical properties of the IL/PVDF composites is one of the key issues as it directly affects actuator performance. Representative stress-strain curves for the IL/PVDF composites with is placed, the higher relative IL content in the amorphous part of the material for that anion leads to a higher plasticizer effect and therefore to a lower elastic modulus. conductivity in comparison to the pristine polymer matrix [43] . This behavior is due to dissociation and ion transport of the ionic liquid resulting in higher carrier numbers within the polymer matrix [44] . For IL contents above 25 %wt (Figure 6a and c) a trend to saturation both in the dielectric constant and a.c. conductivity is observed.
Electrical properties
For high IL contents (40 %), Figure 6b and d shows that the dielectric constant and a.c.
conductivity depends on the type of anion present in the ionic liquid: as the size of the cation is the same for both IL types, it is shown that ions diffusion is strongly influenced by the size of the anion, being higher for the anion type with smaller size ([Cl]). In this sense, the mobility is further improved for the samples with lower degree of crystallinity
[Cl]/PVDF), allowing higher ion mobility.
Bending actuation response
Independently of IL type, the IL/PVDF composites with the best ionic conductivity are the samples with 40%wt IL content, the bending performance being determined for these samples due to the higher number and mobility of ions. Thus, Figure increasing frequency due to the low ion mobility in the polymer layers, the maximum frequency reported in the literature being also below 0.5 Hz, as for higher frequency, the movement of ions is at lower speed than the voltage polarity switch [22] . square signal and a frequency of 0.1 Hz. The bending and curvature parameters were determined after equation 2 and 3, respectively (see also Figure 1 ). 
